INTRODUCTION
Meningitis occurs when an infl ammatory process affects the meninges, the cerebrospinal fl uid (CSF), and the subarachnoid space. When the brain tissue is surrounded by a viral infection, the disease is called encephalitis, whereas infections caused by other etiological agents involving the brain are called cerebritis or an abscess, based on the presence or absence of a capsule 1, 2 .
Meningitis is classifi ed as acute, subacute, or chronic, based on the time course of the infl ammatory process. The speed of development relates to the nature of the infecting organism 3 . The clinical syndrome found in subacute meningitis differs from that found in acute purulent meningitis because the onset of symptoms typically has a more protracted evolution for the latter, and the degree of the infl ammatory reaction yields complications, such as hydrocephalus, intracranial hypertension, cerebral vascular infarction, cranial nerve palsies, and death [4] [5] [6] . Subacute meningitis is a pathology that is diffi cult to diagnose because its clinical presentation is highly varied. The available diagnostic methods do not exhibit the necessary speed and sensitivity for the immediate and precise introduction of specifi c treatments, and a high degree of suspicion from the physician is required to reach a diagnosis for this disease classifi cation Tuberculous meningitis (TBM) is a serious infection of the central nervous system (CNS) and is classifi ed as a subacute meningitis 3, 7 . The invasion of a microorganism into the CNS parenchyma or its meninges induces an infl ammatory reaction that includes plasmatic exudation and the proliferation of vasculo-conjunctive and hematogenic elements, leading to cellular infi ltration and parenchymal changes 3 . Early diagnosis is extremely important, not only because of the usually fatal outcome of the disease but also because of the neurological sequelae that commonly develop 3, 4, 6, 7 .
Knowledge of the epidemiological profile of TBM in a certain region allows for refl ection on the importance of the disease, which presents as a complication of primary tuberculosis (TB) occurring most frequently within the fi rst 6 months after infection. Furthermore, TBM is the most severe clinical form of the disease, with a high mortality rate and a high frequency of serious and disabling neurological sequelae [7] [8] [9] [10] , as found in studies conducted in Vietnam between 1997 and 2000   7   and in India between 2008 and 2009   9   . Tuberculosis became a reemerging disease in developed countries in the late twentieth century and has maintained an occurrence at high levels, eventually increasing in developing countries. Twenty-two countries hold 80% of the TB cases worldwide, with an estimated prevalence of 50 million infected (i.e., approximately 109,672 new cases and 6,000 deaths per year) 4, 6, 8, 11 .
Tuberculosis is a major global health problem, and the most common manifestation in humans is pulmonary disease; however, nearly all organ systems can be involved. More than 95% of cases and 98% of deaths in the world occur in developing countries. Meningeal TB in children and TB occurring in people coinfected with human immunodefi ciency virus (HIV) are important causes of death in areas of high TB prevalence 12 .
Globally, Brazil ranks 14 th in its number of TB cases, and this disease is the ninth leading cause of hospitalization and the fourth leading cause of mortality from infectious diseases in Brazil. According to the Information System on Disease Notifi cation of the Ministry of Health (SINAN/MS -Sistema de Informação de Agravos de Notifi cação do Ministério da Saúde), the total number of cases registered in 2005 was 87,233. Among them, 88.4% (77,120) were new cases of TB in all forms, and 14.4% of these cases were extrapulmonary, whereas TB involving the brain occurred in less than 5% of cases 4, 6, 8, 11 . TB coinfection with HIV causes higher rates of mortality than does HIV infection alone. Anti-TB drug resistance and increased risk of transmission are problems that have arisen because of noncompliance with TB therapies 6, [11] [12] [13] [14] . It has been shown that HIV-infected patients have a higher risk of reactivation of a latent TB infection due to a poor immune response, with acquired immunodefi ciency syndrome (AIDS) being a strong risk factor for death in TB patients 4, 7, 13, 14 . Associated with these factors, TB remains the most important infectious cause of death worldwide, and it is possible that the most affected population consists of chronically ill or immunesuppressed individuals due to their greater susceptibility to infection by such etiological agents [5] [6] [7] [11] [12] [13] [14] .
In Brazil, approximately 20,000 new cases of HIV are reported per year, with the prevalence of infected individuals estimated to be approximately 600,000 total cases. The rate of TB/HIV coinfection in 2001-2004 averaged 8.1%
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. During this period, Santa Catarina (SC) was the second state in Brazil with the highest load of TB/HIV coinfection, where in adults, TBM is presented among the TB cases that promote coinfection and are characterized as a major public health problem 11 .
In this context, the present study aimed to estimate the TBM incidence in SC, Brazil, during the period from 2001 to 2010. The population data were derived from the census conducted by the Brazilian Institute of Geography and Statistics (IBGEInstituto Brasileiro de Geografi a e Estatística) 15 .
METHODS
A historical series from 2001 to 2010 was constructed from the period for which TBM notifi cations were available at SINAN/MS, as served by the Department of Informatics of the Unifi ed Health System (DATASUS -Departamento de
Informática do Sistema Único de Saúde).
Ages were stratifi ed according to the following groups adopted by SINAN/MS 16 : less than 1 year; 1 to 4 years; 5 to 9 years; 10 to 14 years; 15 to 19 years; 20 to 39 years; 40 to 59 years; 60 to 69 years; and 70 to 79 years. Both males and females were included in the study.
It was possible to stratify the reported cases according to urban or rural residential area. Education was stratifi ed according to the years of formal education, as follows: none (0 years); 1 to 3 years; 4 to 7 years; 8 to 11 years; and 12 or more years. Due to the categorical differences presented by SINAN/MS before and after the year 2000, it was decided to combine the reported cases for individuals with elementary school education (4 to 7 years of study) and individuals with high school education (8 to 11 years of study) 16 .
The following classifi cation was used for subject race/color: white; black; and brown 16 . The reported cases were assessed using the following diagnostic methods to confi rm a TBM diagnosis: culture; clinical signs; bacterioscopy; necropsy; therapeutic testing; epidemiological linkage; cytochemistry; polymerase chain reaction (PCR), and other techniques. The outcome was classifi ed as either cure or death 16 .
The absolute and relative frequencies for all variables were calculated. The gross incidence rate was calculated by dividing the number of reported cases by the number of residents in the same place and period, multiplied by 100,000.
We calculated the incidence coefficient, which was proportional and standardized by gender, age, education, and housing area, because data on these variables are available in SINAN/MS and IBGE, both provided by DATASUS and the State Health Secretariat of Santa Catarina, Brazil.
The data tabulation and access to SINAN/MS was performed using the TabNet program (Datasus, Brasília, Distrito Federal, Brazil)., available online in DATASUS, and by the TabWin software version 3.6 (Datasus, Brasília, Distrito Federal, Brazil). The indicators were calculated using Excel version 2010, and the 
RESULTS
During the period 2001-2010, 116 reports of TBM occurred, corresponding to 1.2% of all meningitis cases reported in the State of SC. The average gross coeffi cient for the analyzed years was 0.2 new cases/100,000 inhabitants. The descriptive profi le of the population studied is available in Table 1 .
Throughout the study period, the most new cases of TBM occurred in males (Figure 1 
female cases/100,000 inhabitants and 0.1 new male cases/100,000 inhabitants), and 2009 (0.2 new female cases/100,000 inhabitants and 0.2 new male cases/100,000 inhabitants), when there were slight inversions and increased incidences among females. However, although our data may suggest an association between sex and the incidence of TBM during the period considered, there was no signifi cant difference (p=0.374).
With respect to the age groups, we observed the highest average coeffi cient (0.5 new cases per 100,000 inhabitants) in the age group of 20 to 39 year-olds, corresponding to 52% (n=61) of new cases. This group was followed by the 40 to 59 year-olds (0.3 new cases/100,000 inhabitants) with 28.5% (n=33), the 1 to 4 year-olds (0.2 new cases/100,000 inhabitants) with 6.0% (n=7), the 60 to 69 year-olds with 5.2% (n=6), the under 1 year-olds (0.3 new cases/100,000 inhabitants) with 2.6% (n=3), and the 5 to 9 year-olds and the 10 to 14 year-olds, both with 1.7% (n=2). The lowest average coeffi cients were found in the 15 to 19 year-olds and the 70 to 79 year-olds, both with rates of 0.02 new cases per 100,000 inhabitants. Thus, our fi ndings revealed a signifi cant association between age group and the incidence of TBM in the period considered (p<0.001). Regarding education level, we observed that individuals with 4 to 7 completed years of study had the highest average coeffi cient (0.05/100,000 inhabitants), followed by the subjects that completed 8 to 11 years of study (0.04/100,000 inhabitants), the subjects with 12 years or more of study (0.03/100,000 inhabitants), and the subjects with 1 to 3 years of study (0.02/100,000 inhabitants).
Among the confi rmed cases of TBM, epidemiological linkage was the most common mode for confirming reported cases (19%; n=22), followed by clinical signs (17.2%; n=20), cytochemistry (12.1%; n=14), culture (6.0%; n=7), bacterioscopy (4.3%; n=5), therapeutic testing (4.3%; n=5), PCR (3.5%; n=4), and ultimately, necropsy (0.9%; n=1). Other criteria for confi rmation were used in 36 cases, corresponding to 31.0% of all cases in this study.
The urban residential area (Figure 2) showed the highest average coeffi cient of incidence (0.2/100,000 inhabitants), representing 91.4% (n=106) of all reported cases, while the rural area revealed an average of 0.1/100,000 inhabitants, representing 2.6% (n=3) of all reported cases; this difference was considered signifi cant (p=0.003). However, there was an inversion of these values in 2006, with an increase in the number of new cases in rural areas associated with a decreased incidence in the urban areas. Until 2006, the rates ranged from 0 to 0.1 new cases/100,000 inhabitants in the rural areas and from 0 to 0.3 new cases/100,000 inhabitants in the urban areas. During the period between 2006 and 2010, the rates of new cases per 100,000 inhabitants ranged from 0 to 0.1 in the rural areas and from 0 to 0.6 in the urban areas.
Regarding racial differences, there was a predominance of new cases among white individuals (representing 69.0% of all reported cases; n=81), followed by black individuals (12.1%; n=14) and brown individuals (6.9%; n=8).
Cases where the outcome was death (48.3%; n=56) were in a similar proportion to cases where the outcome was cure (50%; n=58). However, it is noteworthy that during the study period, there were slight changes in these proportions, with a higher proportion of cured cases in 2003, 2005, 2006, 2008, and 2010 .
DISCUSSION
This study revealed that during the period from 2001 to 2010, 116 cases of TBM were reported, corresponding to 1.2% of all meningitis cases reported in the State of Santa Catarina, with an average gross coeffi cient of 0.2 new cases per 100,000 inhabitants. These data are similar to those found by the State Health Secretariat of Bahia, which showed that in the year 1995, 40 cases of TBM were recorded, with an incidence coeffi cient of 0.3 per 100,000 inhabitants 17 ; similarly, another study conducted during the period from 1990 to 2000 in Salvador, Brazil, with 168 new TBM cases revealed an incidence of 0.7 per 100,000 inhabitants 18 . Table 1 shows an increase in the number of TBM cases in both sexes from 2007 to 2010 (240% in males and 230% in females), which corroborates the information from a study conducted in Denmark from 2000 to 2008 5 that reported that the TBM incidence has increased in recent decades, a characteristic that has accompanied the rise of multi-drug-resistant TB and cases in patients with immunodefi ciency [4] [5] [6] 8, [11] [12] [13] [14] [15] [16] [17] . Studies have shown that chronically ill or immunosuppressed individuals are more susceptible to infections by such etiological agents compared with healthy individuals, and the situation worsened with the advent of the AIDS epidemic, which witnessed a 12% increase in TB cases in developed countries. Other risk factors such as malnutrition, poverty, recent infection by measles in children, alcoholism, cancer, diabetes, and the use of immunosuppressive agents in adults are mentioned as predisposing factors [3] [4] [5] [6] [11] [12] [13] 17 . In this study, a higher incidence of TBM was observed in males (56.9% of all new cases). This observed rate is similar to that found in a retrospective cohort study of 231 patients who began in 1983 in Salvador, Bahia, Brazil (55%) 8, 17 .
It was observed that 52.6% of the reported cases occurred in the group of individuals aged 20 to 39 years. This group also showed the highest incidence rate, similar to the results of research conducted in Denmark that studied two groups, one group of Danes with a mean age of 17 years (range, 1-52) and another group of immigrants with an average age of 34 years (range, 1-71). Studies have associated these sex and age groups with a higher exposure to risk factors, such as alcoholism and HIV coinfection 5, 14 ; furthermore, research conducted between 1986 and 2002 at a university hospital in Rio de Janeiro 6 revealed that 31% of 42 TBM cases were HIV positive, 60% of all meningitis cases (all classes) were male, and 45.8% were individuals over 20 years of age.
Regarding the number of children affected by TBM, the data from this SC study diverge from research conducted in Bahia in the 1980s and 1990s, which revealed that TBM involvement was more common among individuals less than or equal to 4 years of age, corroborating a study conducted in a rural community in Mozambique
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. However, the results from this SC study 11 , which states that in Brazil since 1996, there has been a sharp drop in the rates of TBM in children under 5 years of age. To some extent, this result can be attributed to the high levels of vaccination coverage (100%) with BCG for children less than one year of age. Thus, TBM has ceased to be treated as a public health problem for children 5 years of age or less 11 . Regarding education level, the highest TBM incidence rate was found among individuals who had completed 4 to 7 years of study (0.05/100,000 inhabitants), and the lowest incidence rate was found among individuals who had completed 1 to 3 years of study (0.02/100,000 inhabitants). These data refl ect the possibility that with a low educational level, there is a greater awareness and better health habits for preventing the spread of TB, as observed in the 1994 study in Bahia [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Regarding the diagnostic criteria for confi rming TBM cases, epidemiological linkage was most commonly used for reported cases (19%), followed by the clinical signs (17.2%), which are similar to data from the study in Salvador [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . When noting the epidemiological linkage as a major criterion for the confi rmation of cases, the data corroborate the results presented in another study that illustrates the potential for integration between the epidemiological surveillance and health services, not only as a data transfer chain but also regarding common goals to improve the quality of the health system with actions at the local level 6 .
Studies performed in Salvador, Bahia, in the 1990s regarding the incidence of TB in urban areas [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] suggest an association between TB and the population concentration, justifying the predominance of the number of cases in more populous areas because the occurrence of TB is proportionally related to the increased TBM incidence. This fi nding corroborates the data observed in our study, which showed a higher proportion of reported cases in urban areas (91.4%).
Regarding associations by racial group, our study revealed a predominance of reported cases among white individuals (69%), followed by black individuals (12.1%); this fi nding may be explained by the ethnic composition of our region, which is mostly composed of Caucasians.
Regarding the disease outcome, this study revealed that 48.3% of the patients died, and 50% were cured. Although slightly more patients recovered, the mortality rate is still high, most likely due to diffi culties encountered by health services in the establishment of early treatment and diagnosis. Our fi ndings confi rm the severity of TBM, which had already been demonstrated in previous studies 5, 8, 17 that revealed that more than 50% of affected patients died or were left with severe sequelae.
The available diagnostic methods do not possess the speed and sensitivity necessary for the precise and immediate introduction of a specifi c treatment 4, 5, 8, 14, 17 . This high mortality is consistent with the observed mortality rates in other developing countries, as described previously in Egypt in 1993 (54.7%), in Chile in 1988 (32.6%), and in India in 1985 (43.4%) 19, 20 .
Our study showed a bias in the analysis of the relationship between mortality by age because SINAN/MS only provided the absolute values for this information per year range for the period 2001-2010.
We conclude that the incidence rate of TBM has increased in SC in the last decade, with the most affected population being young adult white males with an average level of education and residing in urban areas. Thus, we can state that TBM remains a serious disease, emphasizing the need for disease prevention with vaccination campaigns against TB, the development of faster and more accurate diagnostic methods, and the use of current epidemiological knowledge regarding the disease to facilitate the establishment of early treatment. Future research should investigate new mechanisms of drug resistance for improving TBM treatment. Because this investigation was an ecological study, future research should investigate the causes for the associations presented in this paper.
